Pulmonary interstitial fibrosis commenced as focal proliferation of fibroblasts and accumulation of macrophages in interalveolar septa and was followed by deposition of excess collagen. Epithelium of airways and alveoli remained normal. Perivascular nodules of lymphoid tissue which developed in the lungs of many older animals had a high mitotic rate, but the lymphocytes were morphologically normal. Micro-organisms were not observed in the lungs of any animal.
Summary
Pulmonary interstitial fibrosis commenced as focal proliferation of fibroblasts and accumulation of macrophages in interalveolar septa and was followed by deposition of excess collagen. Epithelium of airways and alveoli remained normal. Perivascular nodules of lymphoid tissue which developed in the lungs of many older animals had a high mitotic rate, but the lymphocytes were morphologically normal. Micro-organisms were not observed in the lungs of any animal.
In a previous publication (Baskerville, Baskerville & Wood, 1982) we described histopathological and bacteriological studies of naturally-occurring chronic pneumonia in a colony of guineapigs. The lesions were of two main types, pulmonary interstitial fibrosis (PIF) and perivascular lymphoid hyperplasia (PVL) . No correlation was found between the presence of Bordetella bronchiseptica or other bacteria and the development of the pulmonary lesions, and their aetiology remains unknown.
A detailed electron microscopical study was therefore undertaken to determine the nature and pathogenesis of these chronic lesions and to search for evidence of other possible causative agents, in particular mycoplasmas and viruses.
Materials and methods
Colony guinea pigs of either sex aged I, 2, 5, 6, 9, 10, 12 and 13 weeks and adults up to 1 year old were used. Some of these animals were conventionally reared with their dams and other adult breeders until weaned at 2 weeks, others were weaned at 4 days and removed to a separate building. All animals were maintained as described previously (Baskerville et al., 1982) . As controls 2 12-week-old animals free from lesions were obtained from another colony in which PIF and PVL have never been observed. All animals were killed by intraperitoneal injection of pentobarbitone sodium. At necropsy of some animals immediately after death 1 mm 3 portions of all lung lobes were excised and placed for 2 h in cold Received 19 April 1982. Accepted 28 May 1982 (4°C) 4% phosphate-buffered glutaraldehyde at pH 7·2. The lungs of other animals were infused via the trachea with 4% glutaraldehyde and similar blocks taken. In some cases the tissue was stored for up to 1 week in 5% buffered sucrose after initial fixation. All tissue samples were post-fixed for 2 h in I% osmium tetroxide, processed by standard dehydration procedures and embedded in Araldite. Suitable areas of tissue were selected by light microscopy of I pm-thick sections cut with glass knives and stained with toluidine blue. Ultrathin sections from suitable blocks were cut with a diamond knife and stained with uranyl acetate and lead citrate. Remaining lung tissue was processed for histological examination as previously reported (Baskerville et al., 1982) .
Results
Two types of lesion were evident. One of these, PIF, was present as the only lesion in 10% (211 208) of all animals and in 14'8% (4/27) of adult animals. The characteristic lesion of PIF was a cellular and fibrous thickening of interalveolar septa, which in some areas was focal and in others diffuse and widespread, obliterating many alveoli. The second type of change, PVL, occurred only in animals older than 6 weeks and was the sole lesion in 29·6% (8/27) of adults. It consisted of numerous perivascular lymphoid aggregates situated predominantly peripherally and subpleurally. The lymphoid tissue frequently formed discrete follicles and had a high mitotic rate. Both types of lesion affected all lung lobes equally.
Pulmonary interstitial fibrosis
It was apparent from examination of the earliest lesions that the fibrosis commenced as a focal proliferation of fibroblasts in interalveolar septa. This was accompanied by accumulation of macrophages in the interstitium and emigration of more of these cells into adjacent alveoli ( Fig. 1) or into the lumen of the related terminal or respira-' tory bronchiole. There was no consistent anatomical location of the lesions and many were in alveoli with no close relationship to airways. Macrophages in alveoli were not phagocytosing foreign material and, apart from occasional clumps of lamellated osmiophilic membranes (tubular myelin), the air spaces contained no cellular or other debris. However, those cells which accumulated in the interalveolar septa frequently had numerous phagosomes of varied and unidentified material.
The typical PIF lesion involved a number of adjacent septa which were thickened to many times their normal size (Fig. 2) . This increase was due to the presence of fibroblasts, large deposits of collagen fibrils, ground substance and macrophages ( Fig. 3 ). Elastic tissue was sparse and not increased in quantity compared with that of control lungs. The fibroblasts had the characteristic appearance of cells actively synthesizing collagen, with well-developed and distended cisternae of the rough-surfaced endoplasmic reticulum, prominent Goigi membranes and numerous long, irregular cytoplasmic projections (Fig. 4) . The plasma surface of some fibroblasts exhibited pinocytotic vesicles. Collagen fibrils were often intimately associated with fibroblast cytoplasm and large masses of collagen orientated in different planes developed within the interalveolar septa (Figs 2-4) . Macrophages had the typical morphology of the activated cell type and in many the centrioles and microtubules were prominent. Occasional large imd small lymphocytes, mast cells, eosinophil and neutrophil polymorphonuclear leucocytes were present in interalveolar septa and peribronchiolar tissue, but in general these cell types formed a very small proportion of the cellular population. Airway epithelium at all levels of bronchi and bronchioles was normal and type I and II pneumonocytes of the alveolar epithelium were normal in structure and numbers at all ages (Figs I & 2) . Basement membranes and capillary endothelial cell cytoplasm were also normal in all animals examined and no exudation of plasma constituents into septa or alveoli was seen at any stage.
Perivascular lymphoid tissue
The perivascular lymphoid cell aggregates were made up of large numbers of densely packed, uniform small lymphocytes and a few large lymphocytes with only small intercellular spaces (Fig. 5 ). The cells were regular in shape, had predominantly rounded nuclei, often with deep indentations, dense chromatin, occasional dense nucleoli and few cytoplasmic organelles (Fig. 5 ). Large phagocytic histiocytes with pale, electronlucent cytoplasm and cellular debris in phagosomes were sometimes present in the lymphoid nodules. Cells undergoing mitosis were found in most of the aggregates and variable numbers of lymphocytes were infiltrating the interstitial tissue of neighbouring interalveolar septa in adult animals.
In the lungs of one animal, an adult male in electron-dense granules orientated mainly around the periphery and set in 'a finely granular matrix (Fig. 7 ). Some also contained intertwined curved Fig. 7 . Highermagnification of Fig. 6 . showingmembranebound bodies (arrows) with granular internal structure. UA& LC X 17500 tubules. A number of the affected macrophages also contained osmiophilic myelin figures phagocytosed from the alveolar surface, so that the membrane-bound bodies may represent phospholipid degradation products. In no animal was any recognizable infectious agent present in the lung lesions of PIF or PVL or in other pulmonary tissue.
Discussion
Electron microscopy showed that the PIF lesion which had previously been defined histologically (Baskerville et aZ., 1982) was essentially one of fibroplasia and collagen formation, with an early component of macrophage activity. No stimulus which might have initiated these events was apparent and no micro-organisms were seen in the lungs of any animal. There was also no correlation between the existence of the lesions and infection of the respiratory tract by Bordetella bronchiseptica (Baskerville et ai., 1982) .
Although fibrosis is a common and non-specific end-result of many forms of insult to the lung parenchyma, the fibrosis seen here was not considered to be a reparative process, since there was no damage to tissue in any part of the lung. Pulmonary fibrosis may also follow vascular sclerosis in man and experimental animals (Phillips, 1966) , but blood vessels and their endothelium and basement membranes were normal. Many types of pulmonary fibrosis in man are also of unknown aetiology (Spencer, 1973; Brody & Craighead, 1976) , though it has been suggested that some are mediated by immune or allergic mechanisms after antigen sensitization and that others may be autoimmune phenomena (Spencer, 1973; Pepys & Turner-Warwick, 1975) . It is possible that PIF also represents an immune response, though there is as yet no evidence to confirm this or to indicate a possible source of antigen.
Macrophages were present in alveoli and in the interstitium of the interalveolar septa in the early stages of PIF development, though the reason for their activity is obscure, since they did not appear to be phagocytosing foreign material. However, they did have prominent centrioles and microtubules, structures which are associated with , 1977) . No cause could be found for the aggregates of lymphoid tissue which were the striking lesion in animals with PVL. This condition has been recognized histologically for many years (Franks & Chesterman, 1962; Thompson, Hunt, Fox & Davis, 1962) , but the present work appears to be the first attempt to examine it by electron microscopy. The perivenular location of the lymphoid masses indicates that the first groups of lymphocytes migrate from the blood and are then progressively supplemented by mitosis of these cells locally. A similar process occurs in the lung when macrophages are recruited following carbon stimulation (Adamson & Bowden, 1978) . The lymphocytes which accumulated in the lungs had ultrastructural morphology typical of normal cells. No virus particles could be seen, nor indeed was there any evidence of viral-induced damage to the cells. However, this does not exclude a viral aetiology for PVL, since a number of conditions, such as maedi and Marek's disease, exist in other species in which viruses induce lymphoid tissue infiltration and proliferation (Sigurdsson, Palsson & Tryggvadottir, 1953; Biggs, 1968) . In these infections the virus is in a latent form so that particles cannot be seen by electron microscopy in thin sections and can only be detected by co-cultivation from the cells in tissue culture systems (Calnek, Ubertini & Adldinger, 1970; Sigurdardottir & Thormar, 1964) . Although no virus has so far been shown to be associated with PVL or PIF a number of viruses have been isolated from guineapigs, including a retrovirus which produces lymphoid hyperplasia in the spleen and lymph nodes (Hsiung, Bia & Fong, 1980) .
